A considerable stimulation of total protein synthesis in Sendal virus-infected chicken fibroblasts occurred I8 h after infection. The stimulation of synthesis was shown to be due mainly to the synthesis of virus-specific proteins; the synthesis of host proteins was either unchanged or slightly enhanced. The level of functional polyribosomes in virus-infected cells was also increased as compared to that in mockinfected control while the number of free 8oS ribosomes was proportionally decreased.
INTRODUCTION
It is known that the lytic infection of eukaryotic cells with different RNA-viruses leads in many cases to a decrease in overall protein synthesis. A similar phenomenon was established for the Newcastle disease virus-chick embryo cell system (Hightower & Bratt, 1974 ). However we observed about a twofold stimulation of incorporation of ~4C-amino acids into chick cell proteins following infection with another paramyxovirus, Sendai virus (Zaides et al. I975 )-When this phenomenon was further studied an increase of functioning polyribosomes in virus-infected cells was observed suggesting that this could be the cause of the overall stimulation of protein synthesis. These data are reported in the present communication.
METHODS
Primary chick embryo monolayer cultures grown at 37 °C for two days either in 25o ml bottles or in io ml flasks were infected with the 96o strain of Sendai virus: the monolayers were incubated at 2o °C for 40 rain with a mixture containing I part of virus-containing allantoic fluid and 9 parts of 0-5 ~ lactalbumin hydrolysate (LH) in Hanks' balanced salt solution (BSS). Input multiplicity of infection was 2o to lOO IDs0/cell. The supernatant fluid was then removed and the cells were incubated in fresh LH at 37 °C. Labelling of proteins was performed in BSS containing either 14C-amino acid mixture (CFB-Io4, Amersham) or 14C-algae hydrolysate ('Isotop', USSR) at appropriate concentrations. For polysome analysis the cells were washed, removed from the glass, pelleted and suspended in hypotonic buffer (HB; o.oI M-NaC1, o'oo3 M-MgCI~, o.or M-tris-HC1, pH 7"5, 50 units/ml of heparin). The non-ionic detergent NP 40 was added to o'5 ~ (v/v), the suspension incubated for ro min and then centrifuged at I5ooog for Io min. The supernatant ('cytoplasmic extract') was put on the top of sucrose gradients in HB containing 2 ml of 6o ~ sucrose I94 V. M. ZAIDES AND OTHERS ,(bottom), 35 ml of a I5 to 3o ~ linear gradient and 2 ml of 5 ~ sucrose. The gradients were centrifuged in a Spinco SW2 7 rotor at 24000 rev/min at 4°C for 2Io rain. All in vitro operations were performed at o to 4°C. The gradient fractionation, electrophoresis of proteins in potyacrylamide gels and other procedures were described in detail in earlier papers (Zaides et aL 1974, I975) .
RESULTS
It has been reported that a considerable stimulation of ~C-amino acid incorporation into proteins occurs in Sendal virus infected chicken embryo cells (Zaides et al. I975) . The results presented in Table I show that this fact cannot be explained by the different transport of the labelled amino acids in infected and uninfected cells and thus the stimulation of amino acid incorporation is likely to be due to the enhancement of protein synthesis. If this is the case, the number of functioning polyribosomes could be expected to be increased. To examine this point, we compared the sedimentation patterns of cytoplasmic extracts obtained from infected and mock-infected cells. 3H-uridine (I8 Ci/mmol, 2#Ci/ml) was added to the cells at the time of seeding; the cells were incubated at 37°C for I8 h, then the label was removed and fresh medium (LH with ~o ~ of bovine serum) was added. Fifty hours after seeding the cells were infected and covered with LH; I8 h after infection cytoplasmic extracts were prepared and I O optical units (A = 260 nm) of each extract were analysed. As shown in Fig. I , a distinct difference in distribution of ribosomal material in velocity sucrose gradients was observed: a considerable increase of polysomal material and a proportional decrease of free 8oS ribosomes were regularly observed in cytoplasmic extracts from infected cells.
The question of whether or not these polysomes were functional was answered by using short pulses of labelled amino acids. I8 h post-infection (p.i.) the cells were incubated with ~4C-amino acids (5 #Ci/ml) at 37°C for 5 min, cytoplasmic extracts were prepared, 35 optical units of each extract analysed by sucrose gradient fractionation and acid-insoluble radioactivity~was determined in the fractions. It can be seen from Fig. 2 that the amount of nascent protein in the polysomal zone of the gradient as well as the amount of released proteins at the top of the gradient is distinctly higher in the infected cells compared with mock-infected control. On the other hand the ratio of nascent to released polypeptides in both extracts is nearly the same. Thus the enhancement of protein synthesis in infected cells can be explained by an increase of functionally active polysomes.
A comparison of data shown in Fig. I and 2 allows two conclusions to be made. First, the absence of pulse labelled polypeptides from the 8oS region (Fig. 2) is evidence that the smaller amount of 8oS monosomes in uninfected cell extracts (Fig. I) is not due to nuclease degradation of the polysomes during the preparation and analysis of the extract. Secondly, the specific activity of polyribosomes increases in parallel with their size in accordance with previously published data (Kuff & Roberts, I967; Huang, Baltimore & Stampfer, I97o) .
No alterations in the extent of protein synthesis, nor in polysome sedimentation patterns are observed in mock-infected cells treated with allantoic fluid from either uninfected chick embryos or allantoic fluid from infected embryos from which virus had been removed by centrifuging 0ooooo g for 6o rain). This suggests that the events described are induced by the virus itself.
An analysis of infected cell proteins by SDS-polyacrylamide gel electrophoresis gives further evidence of the virus-specific nature of the phenomenon. It has been shown earlier with the use of this method (Zaides et al. 412771 * 18 h p.i. the ceils were incubated at 37°C in BSS with x4C-amino acids (2/zCi/ml); the monolayers were thoroughly washed five times with LH, 5 ~ trichloracetic acid (TCA) added (o'5 ml/flask) and the radioactivity in the TCA (acid-soluble) was determined after 3o rain of incubation. For the determination of acidinsoluble radioactivity the cells were additionally washed with 5 % TCA (zo ml/flask), ethanol and ether, dissolved in o'5 N-NaOH and counted.
1" The radioactivity in the last LH washing was always 3o to 5o times lower than the TCA-extractable radioactivity. The arrow designates the 8oS monoribosome peak position. Fig. 3 . Polyacrylamide gel electrophoresis of 1*C-proteins from Sendai virus-infected and uninfected ceils. I8 h p.i. the cells were incubated with 14C-amino acids (5 #Ci/ml) at 37°C for 6o min, washed with o'I4 M-NaC1, o.oIM-tris-HC1, lysed in z ~ SDS, 5 ~ z-mercaptoethanol, 5M-urea, heated in boiling water for z rain and electrophoresed in SDS-containing 8 ~ polyacrylamide gels (Laemmli, I97o) . After electropboresis in tubes the gels were cut longitudinally, dried, exposed to X-ray film and subsequently the films were developed. virus-specific proteins in chicken embryo cells are highly efficient and are comparable with those host proteins in the uninfected cells. It can be seen from Fig. 3 that cellular proteins are actively synthesized ~8 h after infection. In spite of this the a u t o r a d i o g r a p h i c technique allows the position of virus-specific proteins to be determined and their a m o u n t to be estimated. The total radioactivity of gel fragments corresponding to the bands of the virusspecific proteins (virion proteins and non-structural protein 28K, see Zaides et al. 1975) was 41 + 2"2 ~o (the mean of 6 experiments) of the total radioactivity in the gels. This value is not dependent on the length of the labelling period which varied from 5 to 6o min. If the level of protein synthesis in uninfected cells is taken as IOO ~ and it is assumed that host protein synthesis in infected cells is not altered, then it can be calculated that the total protein synthesis in infected cells including 41 ~ of additional virus-specific synthesis should exceed the synthesis in uninfected cells by nearly 7o ~. The total laC-amino acid incorporation into infected cell proteins exceeds by IO7 + io ~ (the mean of 9 experiments) the incorporation into proteins of uninfected cells. Thus, host protein synthesis is not inhibited in this system. Moreover, our data tend to suggest that host protein synthesis in infected cells is somewhat enhanced.
DISCUSSION
Several explanations may be offered for the stimulation of protein synthesis in our system. The simplest one is that the amount of messenger in chick embryo cells is the limiting factor in the initiation of protein synthesis. Then the formation of polysomes is enhanced when virus-specific mRNAs enter the pool of messengers. Alternatively, the limiting factor may represent some specific protein (or RNA) which regulates polysome formation (most likely their initiation). The concentration of this factor in infected cells may be altered either by derepression (or inhibition) of its synthesis or by alteration of its stability. It is not excluded that this function may be accomplished by a virus-specific protein(s) or RNA. Other more complicated explanations can also be offered. In any case, it is apparent that virus-specific and host protein-synthesizing machinery can co-exist and co-function effectively for a comparatively long period without any evidence of competition.
Such a system differs essentially from other lytic infections of animal cells by RNA viruses. As mentioned above, the inhibition of host protein synthesis as well as of total protein synthesis has been reported for chick embryo cells infected with Newcastle disease virus (Hightower & Bratt, ~974) . This discrepancy is probably explained by the differences in biology of these two representatives of the paramyxovirus group. Other explanations also cannot be excluded at present (e.g. differences in the physiological states of the cells). In this connection it would be of interest to determine whether this phenomenon is characteristic of other Sendal virus strains and other paramyxoviruses.
